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Conclusions: The applicability of the VGC analysis on CBCT used for 
adaptive RT was investigated and found useful. Regarding the 
difference in image quality between the two systems Truebeam was 
found superior to Clinac iX. The VGC analysis might find its use for any 
two imaging systems in the clinic. 
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Purpose/Objective: The purpose of this study is to develop a novel 
correction method for converting pixel values to Hounsfield units 
(HUs) using the histograms of pixel values for the cone beam 
computed tomography (CBCT) to calculate the dose distributions on 
the CBCT images. 
Materials and Methods: The simulation computed tomography (sim-
CT) and CBCT images of an electron density phantom and 5 prostate 
cancer patients were acquired. The histograms of pixel values for 
each slice of the sim-CT and CBCT images of the electron density 
phantom and of the prostatic cancer patients were obtained with an 
in-house program. To perform correction of the pixel values for each 
slice of the CBCT images, the shapes of the histograms for each slice 
of the CBCT images were closed to the shapes of the histograms of the 
sim-CT images using linear scaling method with a minimum sum of 
squared differences for the regions of soft tissue and bone. Such CBCT 
images with converted pixel values were defined as the modified 
CBCT (mCBCT) images. The pixel values of the mCBCT were compared 
with those of the sim-CT images, and the differences were evaluated. 
To evaluate clinical significance, the dose distribution on the mCBCT 
images was compared with the original plan on the sim-CT images by 
using gamma analysis with a 3% / 2 mm criterion. In addition, the 
calculated MUs were compared with the original plan. 
Results: The linear scaling of pixel values in the CBCT images was 
successfully applied to the histograms. After the linear scaling, the 
histograms of mCBCT resembled the histograms of sim-CT. Thus, it is 
possible to judge pixel values for CBCT images in HUs. However, 
because the artifacts peculiar to CBCT remained, differences between 
both HUs were observed (-3.7 ± 33.3 HU for subcutaneous fat, -14.9 ± 
24.8 HU for prostate, 11.5 ± 30.8 HU for muscle, 11.7 ± 35.9 HU for 
bone). The pass rate of gamma analysis (3% / 2 mm) were more than 
95%, and the differences in calculated dose using the mCBCT images 
were less than approximately 1 MU for the monitor unit. 
 
  
Conclusions: The proposed novel method using histograms is a 
feasible method for converting pixel values in CBCT images to HUs; 
this may facilitate calculation of accurate doses using CBCT images.  
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Purpose/Objective: Non-rigid image registration (NIR) is an essential 
image processing tool for image-guided adapted radiation therapy. 
The current radiotherapy process requires three-dimensional (3D) 
quantification of the registration error, which is not accurately 
achieved by existing evaluation methods. The objective of this study 
is to develop a method for 3D evaluation of NIR algorithms. 
Materials and Methods: Cone-beam (reference) and planning (moving) 
CT scan images of fifteen prostate cancer patients were scanned using 
the VelocityAI (Velocity Medical Solutions) platform, which employs B-
spline-based NIR algorithms. The NIR algorithms were evaluated by 
measuring the distance between two factors: (1) the outlines 
(reference contours) of the bladder, the dorsal right and left seminal 
vesicles (SV), the proximal SV, the prostate, and the rectum in the 
reference images; and (2) other outlines (deformed contours) in the 
deformed images of the same CT slice. This distance is the difference 
between two points that indicate the point of intersection of the 
reference and the deformed contours that cross a straight line every 
10° from the center of gravity of the reference contour. However, the 
difference in direction was determined as being 'negative' if it was 
inside the reference contours for the deformed contours, and 'positive' 
if it was outside the reference contours for the deformed contours. 
The measurement values were displayed on a two-dimension (2D) 
difference map. 
 
  
Results: The 2D difference map of the bladder indicated a large error 
of +3 to +8 mm in the upper region. The dorsal right and left SVs 
showed an overall error of -3 to+3 mm, while the error pertaining to 
the proximal SV was -4 to -1 mm around the prostate interface. The 
error pertaining to the prostate ranged from-2 to +1 mm in the 
